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Abstra ct
This paper brieflyintroduce sba sic hydroge ologicalc o nditio ns, rec ent r es ult of its
grou ndw ater r esou rc e evaluatio n, al s uggested m e a su re sto s olve the wate r re sourc e
sho rtage pr oblem ･ In o rder to m ake allne c es s ary m e asur e s a r eality, the m o st
importa nt proble m is to str engthe n iI血a stru ctur e co n struction a nd capability
constm ctlOn .
1. Intr odllCtio n
ltis know nto maJTy peOplebotha:tho m e and inabro adthat thetotalw a土er r e so u rc e of
the No rthChinaPlainisins utRcietlt and its gr o u ndw ateris u nder ov erexploitation. A
lot of studie shav ebeen c a rried outin order to s olv ethe w ate r shortage pr oble m.
Ge n erally speak ing, a s af山itfu1 r esult, such 写tudies hav epro m otedthe progres s of
stre ngthe ning w ater s aving m ea sure s, pr eveming w ater pollution, and li miting
gro u ndw ater ov e rexploitatio n･ How ev e r, to tho r oughly s olve the w ater sho rtage
problem and to rea ch the goalof ra:tionally utiliz ng gr oundw ate r a nd eFectively
pr ote ctingthe enviro nm e nt,is a ne xtrem elyc omplicatedanddifBcult syste mtask, and
n e edslo ng ter mtre mendous efforts. On the basis ofbrie丑y introducingits basic
hydr ogeologlCalcondito n s and s om eother proble ms, this author wishe sto statehis
view o nho w to s olv ethe proble m ofsustainable utilizatio ngroundw ater r es ou r ce as
w ellasthe whole w ate rshortagepr oblem ･
2･ I)a sichydroge ologic alconditions
Speaking ofNorth Chin aPlain, there are tw oge ogr aphic al c on cepts, the arst one
de note sthe plain to the no rth of Hu aihe riv er, the east ofTaihang-Fu niu ･ Dabie
Mo u ntains
,
the s outh of Yan Mo u ntains
,
andthe w est of Bohaiand Yelo w Sea s
,
the
other con cept den ote sthe pa rt of abov e mentioned plain, lo c a王ed on the n o rth of
Yellow River . Be ca u s eof its w o rs ehydrogeologlCalco ndito n s and grou ndw ater
o v er e xploitatio n, hydrogeologists usually us ethelater c onc ept, ands odo e sthispaper.
T his plain ha s an ar e a of about 260, 00 km
2
a v ery de n se popuhtion of abo ut
70,000, 00･ Ec o n omicalythisplaini5importad forits relativelydev elopedindustrial
a nd agncultu ralprodu ctio n, a nd of co urseits e n o r mous poptlhtion. Politic aly and
cultu raly, this plain is signiBc ant du etoitslong histo ry and the lo catio n of su ch
important citie s asthe c apital of China - Beijing, the other&o m the 4 m unicipalities
under the directJurisdictio n ofthe c e ntralgov er n m ent - Tianjing, and the Hebei
provin cialc apltal - Shijazhu a ng･ T he n o r malaJln ualpr e cIPltatio nin the plain r anges
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ge n eral1y 丑
.
om 500to 600 m m. T he m onthly distributio n of an nu alpre cIPltation is
un ev en, with abo ut70% o c c urri ng Within thre e m onths - &o mJune to August･ T he
ye arly cha ngesina nrLualpre cipitatio n ar e si酢i鮎antwiththe differenc e ofpre cIPltation
du ringdryand w etyears as m uch a sthreetofo urtim e s.
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Fig ･ 1 Hydr ogeolog?c a]z o n es of theNorth C hlnaPlain
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T hegro u nd血ate rin theplain is m ain1y丘
･
o mQu ater n ary aquifers丘o m,depthsdow nto
400m ete rs. Qu ate rn a ry fo rm ations range inthickne ss&o m20to6 00m , ho wever,
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Fig･ 2 Distri butio n Ofshallo wg m mdw ater of differ 班tT DSin theNo rth Chln aPlaln
the greate st thickn essis m ore than 1,000m . The aquifers ar e c ompo sed of
u n cons olidatedpebble, pebble andgra v el, s and and grav el, co ars e s a nd, m ediu m to
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coa rse s and, fin e sand, 丘n e s a nd and silt, as wellas silt. Fr o m w e st to e a st, the
particle s ofqu aternary aquifer sbe c o m e血er, and･thethickne ss ofindivi dualaquifers
dec re a s es.
Aquife rs atdepths丘om 0to 40 0m c a nbedividedintotw o gro ups･ Thefirstgroup lS
caled sh allow gr oundw ater and range s&om 0to 80 m de epI The se c o nd aquifer
groupis caled de ep con血 edgroundw ater, o rsimplyde ep gr ou ndw ate r･ It ranges
丘o m 80to400r nindepth. Depth of 400mistake n a sthelo werlinefo rdivi dhgt e
tw ogr oups, but thisis n ot a hydrogeological boundary, 1t O nly sho ws the m axim al
depth of m o st available hydroge ological data a nd the m axim al exploitatio ndepth･
Againthe depth of80rn a･s the divi dnglin ebetw e n the shallow a nd de ep aquifer
gr oupsis an appr o xim ate or an a verage 五gu r e, for c o n c r ete place s, it sho uld be
decideda ccordingto hydr oge ological data).
In the piedm o rlt are a(are aA, fig･ 1)tothe west andthe no rth ofthe plain, thetTo
go ups ofaquifer s ar etaken as an hydra ulicaly u nifiedgr oup･ T hey are ofc oar segraln
aquifers, w ellre charged, m or eperm e able(tr an smis sivitie s range &o m 100to 2 000
m
2/d), and ha v ego od w aterquality(bic arbon ate type, T D S le s sthan 1g/I)I Thedepth
ofw atertable o rpre ssu rehe ad overthere u sedtobe315 m before195 0
'
s
,
but no wit
islO- 3 0m .
In the mi ddle part ofthe plain(ar e aB, fig. 1), the shalo w &esh w ater aquifers ar e,
pn m arily, fine s and, and, s e c o ndarily, 血 e
- m ediu m s and and silt - Rne s and･ T he
cu m ul血 ve thickness of shalo w 丘e sh w ater aquifers is 5 to 30 m, and the
hydrochemicaltype sof w ater are bicarbon ate, bic arbonate - sulpha･te, bic arbonate -
chlo ride
,
and sulphte - chlori de w aters wi thT DS lesstha n2gn. Thetransmissivites
a re5 0- 300m 2/d･ In s o m eplac e s ofthe are aB, the shalow gr o undw aterisbra ckish
w ate r withT D Sof 2- 5gAandhydr o chemicaltype s ofs ulphate - chlo ride or chlori de
-
s ulphte waters(ag･ 2)L De epgr oundw ater oyerther eis 丘
.
e sh w ater and distributed
e v enlythr o ugho ut the are a, Its aquifer s con sISt Prim arily of m ediu m -fin e and fin e
s印ds, ge n eraly with a c u m ulativ ethicknes s about4 0m and buriedto adepthgr e ater
than loom . In mostplac e sthe s edeep aquifer shave tr ansmis sivit es丑
.
o m 100to 500
m
2
/d. T he hydro chemicaltypes of w ate r are bic arbona:te, bic arbo nate - chlo ride,
sulphate- chlori de, chlori de-sulphate w aters with T D S le sstha nlg/1.
Inthe c o a st are a(a re aC, fig. 1), the wi delydistributedshalo wgrou ndw ate ris salt
w ater with T D Sgreate rthan5g/1(Rgr 2), onlyin afe w pla c e srethereis olatedthin
le n ses ofshal1o w&e sh orbr ackish w ate r. T hedeep groundw aterln C O aStala r e a c anbe
fou nd at thedepthgr eaterthan 150m , andthe aquife r
'
s a c c um ulativ ethicknessis5 0-
70 m . the hydr ochemicaltypes ofde ep &e sh w ater are bica rbo n ate- s ulphate,
bica rbon a.te - chlori de
,
sulphate- chloride, or chlo ride-sulphate w ater s with T D S le s s
than 1g/I. Inthe rive r m outh a re a ofthe Yellow River, bothshalo w a ndde ep aquifers
c o ntain onlysalt w ater(Fei, 1988;Z hu, 1990).
3. Gro tuldw ate r res o llr C ev alu ation re stLlts, overexploitation
Fro m 1960to 1991
,
m arty author shave carried outdifferentkinds ofgrou ndw ate r
re s ourc e evaluatio n studie s, T helate stlarge s calegr oundw ater re s ou r ce e v aluation for
the whole plain aridits adjacent m o untainous are a sw as a c c omplishedjointlybythis
institute a ndrelev a ntinstitutio n sfrom the M inistry ofWater Co n s erv an cyln1990a nd
published in 1991. T he r e sult of this evaluation w a sac cepted unanim o u slybythe
Ministry of Ge ologya nd M ineral Re so urces andthe M inistry of WaterCon s er van cy a s
a n ofBcial 丘gu re. Ac c o rding to the e valu atio n, the e xploitable shal1ow fi
'
e sh
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groundw atefres ou r ceforthe wholeplainis17,415,000, 00m
3/a
,
the･e xploitablede ep
con血 ed 丘e shgroundw ater r e s o urc eis 1
,
598
,
000
,
00m3/a
,
a ndthe pre s en土 ave rage
o v e rexploitatio nrate ofthede ep c o n血 ed&eshgroundw ateris about1,500, 00, 00
m
3
/a･ Thepre s ent e xploitation rate ofshal1o w&e shgro undw aterforthe wholeplainis
about16
,
000
,
0
,
00 0m3/a,i.e. slightlyle ssthan the exploitable r e s o urc e. Ho we ve r
s u ch exploitation rateis not ev enlydistributed 丘
･
om plac eto place inthe plain. h the
piedm o nt ar ea ofthe T ai hang Mo untains, e spe cialyl nPlac e s surr oundingthe mediu m
andbigger m umicIPalit es alongthe rai1w ay丘
･
om Beijingto Guangzhou, the shauo w
fre shgr o undw aterisbeingseriou sly ov e rexploited, for e xample:inthe centraldistrict
of Beijing m umicIPality, the shalo w fr esh gro u ndw ateris being ov ere xploited by
200
,
00
,
000 to 3 00
,
00
･000m
3
/a averagely, in the ar ea &o m Shijazhu ang to
Hangda n, the over exploitation rateis about600, 00, 00m
3/a. In the mi ddle part of
theplain,the exploitation rate ofshallo wfreshgr ou ndw ateris appro xim atelyequ alto
the exploitable r es ourc e, a nd in its s outhe rn place s clo s eto the Yelo w Riv er, the
sh allow fre shgro u ndw ateris not exploited fu lly(Z hu, 1 990).
T he e nviro n mentalproble m scaus edbythe o verexploitationis a sthefollow mg:
3
1 T he wate rtable or pr es s u r eh ad ofgr o u ndw ater inthe piedm ont are as ofthe
Taihang Mountain sis withdrawl ng Serio u sly' forinstan c ethe m axim u m depth of
groundw atertable andpre s surehead inthe ce ntraldistrict ofBeijinglS Over3 0m ,
andthat ofShijazhu a nglS O V e r3 7m ,
3･2 Thelongtl m e O V e r e XPloitatio nofde ep c onfinedgro undw aterinthe mi dlepart of
the plain c aus ed in lands ubsidenc ein Tia njing, Cha ngzhou, De zhou etc. , for
ex a mple: thepre s sur ehe ad withdrawing rate ofthede ep c o nfmed 舟e sh w aterin
Tianjingis O･9 - 2･1 m/a a v e ragely, thela ndsubside nc e rateis abo ut83rn m/a, a nd
thetotal1andsubside n ceha sre a ched 2.7m asthe maxim u m.
4･ Stlg geStio ns to s olv ethe w ate r shortage aJId gr ou ndw ate r o v e r exploitatioII
pr oble ms
To solve the grou ndw ater ov erexploitation proble mis an o rga nic part ofthe whole
s olution ofthe w atershortagepr oblem ･ Starting丑
･
om 1970
,
m artyle arne rsha v ebe e n
studying o nthis pr oble m a ndputforw a rd alot ofs uggestio n s(Liu,198 9;Z hu, 1990;
Che ng, 1996)I To s u mup,tho s esヮgge stio ns are a sthefouowing:
4
･
1 Ea ste rnhne and mi dlelin epr o)e cts ofdiv erting w ater &o mthe southtothe north,
Ea ster nline pr oje ct Ca nPr ovide 6.5billion m
3/a of w ate rfo rthe mi ddle and e a st
pa rts oftheplain ･ M iddlelineproject Can Pr ovide abo ut8billio nm
3
/a ofw ate rfor
the piedm ont ar e alo ngthe Taihang Mountains and the othe rparts ofthe plain
(光e, 1995)･ Natu raly,itis significa ntfor s olvingthe w ater shortage proble m of
the plain,ifs u chpr ojects c an be m ade a reality. Atpres ent tim e, the fe asibility
studie sfor tho s etw olin eproje ctshav eacc omplished, a nd theimitial design stage
w orkforthe mi ddlelin eproje cthas sta rted･ How e v er,there a reso ma nyte chrlical
ande nvir o n mentalproble msthat ne edto be c o n sideredc arefully, and o nthe othe r
hand
,
su chproje cts requ iretre m e ndous 血 ancialinvestm ent, therefore, m o stlikely
tho s eproJeCtS willnotbe m ade a realityinne ar futu re.
4･2Saving w ater and r ational utilizatio n of w ater . Su ch fa cto rs a sthe natu ral
c ondition andde n s epopulation ca us edin the w ate r sho rtageproble m ofthe plain .
Indesplte Ofwhethe rthediverting W ater丘
･
om the southtothe northcanbe made a
reality, the m o st e ss e ntiala nd important m eas ure sto s olv ethe w ate rinsufEcie ncy
problem are s av lng W ater allthetim e and every whe re .
- 29 -
4 3 Prev e ntl ng POllutio n, protecting e nvir on m e nt, Pr Ote Cting丘
･
esh wate rre so urc e, that
isalreadye xtr e mely valu able, agaln St artykind of deterioratio n･ Sin c e1980, along
withthe rapid developm er[t of econo my, alot of c ou ntry
-side and sm alltow n
enterprise shavebuildup, a nd due t otheirpo orteclm ic alc ondition, they caus edin
serious pollution problem s, At the s a me tim e, s uch publiclybe n e丘cial w ork a s
gro undw a土er monitonng n etw ork ha sbe en we akened due toinsufEcie nt
financial
sup port starting 丘
･
om 1990, the work of pre v entlng POllution ha s been
stre ngthened bylegislatio n and ad ministrative m e asu re s, and m any a chie v em e nts
ha v egain ed. H o wev er, itis stilla bigjob a nd m o st existlng enviro nm ental
problem s ar estilltobe s olved u rge Tlty, r equiring m uch m o re effortsto stre ngthen
the w o rk.
4.4 The econoTrtyde v elopm ental1o catio n should be ratio nalinac c orda n c ewith lo cal
w ater avai1ability･ Indu stry and agdcultur epr odu ction ofw ater savingtype sho uld
be e nco ur aged, a ndthe high w ater c onsum lng Produ ctio n shouldbe re stricted･
Als o, the m u nicipalitysize andthe inevitable citifying pr o c e ss shouldbe controlled,
andthe city o rtow n al1o cation plan m ng shouldbe m adein a c c o rda nc e with w ater
res ourc epossibility.
4.5E nl1an C ethe repe at utilization r ate of w ate r, e nc our age a nd develop w aste water
tr eatm e nt andpurific ation w ork･ En c our age s ea w ate rpu rific ation w ork whileitis
feasible.
4.6 Realize coqun ctive m a n age m e nt ofs urfa c e a ndgro und w a･te rsI The piedm ont a re a
of T ai hang Mourltain s sho uld be c onstru cted a s agr o u ndw ater inte n sive
exploitatio n a nd artiBcialre charge are ain orde rto fu lly utilizethe aquife r
'
s natur al
water re s o u rc e r eguhtlng abilitya s w ella sthe exc es s w a:ter, duringrain ing Se a s o n
and winte rtim e
,
fro m al1re s ervoirs and the mi ddlelin eproject Of divertl ng W ate r
&o mthe s outhtothe n o rth.
4
.
7 A big, w ellde sign eda nd m a n aged drain lng Syste mforthe mi ddle a nd eastparts of
the plain m ustbe c o nstru ctedin orderto c o ntrolthedepthofshallow grou ndw ater
whileim gatlng and dive rting W ater&om the s o uthtothis ar e a･ T he shal1o w丘
.
e sh
gro undw ater, e v e nbr a ckish w a:ter, sho uldbe us ed a s much a spo sible togethe r
withthe div e rted surfa c ew ater. T he de epgr o u ndw ater overexploitatio rlSituation
shouldbe eliminated a s s o on a spo s sible, and while the c o nditon pe rmits, the
artiflCial r echarge to de ep con丘ned aquifers should be c arried o ut, Deep
gr o undw ater system should be c o n stru cted and tre ated a s an em ergen cy w ater
s ou r c efo rdry yea rs.
4.8 In pla ce swher ebra.ckish shallo wgr oundw ate r a redistributed, spe cialm e a s ure s of
dr ainingbra ckishw ater andstre ngthening re charge with丘e shw ater ar ewishfu1for
the purpo s eto improve the enviroTm ent arid to incre as e r egulatable w ate r
reSOu rCe .
4
.
9Strengthen the uniBed m an age ment ofw ater re s o ur ce s. The existinginstitutio n al
situ ation - m ultiple w ater m anagem e ntinstitutio n s, e a ch a cts ontheir o wn, difBc ult
to adjust their activities, s o m etim e regardthe departm e nt
'
sben efit even higher
than the c ou ntry
'
s
,
ands oforth - m ustbe solv edpr operty. Pr e se nt u rge nt task is
to changethe w ater man agem ent situatio nfi
1
0m a
` `
r o ugh
”
typeinto ascie ntific
ty pes o as to w ellc o ntrol, w ellutiliz e. and w ellpr ote ctli
■mited w ater re s our ce
(C heng, 19 96).
4.10 Str e ngthen the scienti名c res e ar ch on w ate rre s our ce proble ms･ To solve the
w ater re s o urce problem ofthe No rth C hin aplain is a v ery co rnplic ated syste m
proble n Althoughalot of res earches hav ebeen carried o ut du ring rec e nt 3 0
- 30-
years, the re ar em u ch m ore studie sthatn e edtobedone either丘･om the vie wIPOlnt
ofle a ru ng the naturalc ondit o n s and rules or &o m the poi nt Of de v elopi ng
diHere nt technical m ea sure s a s w ell as the w ay of their syste m atic and
c omprebe nsive applic a土ion .
5･ Ess e ntialbarrierfo r solviTlgthe w ater re s otl r C eproble m s
A bove m ention ed 10sugge stio n sare stated asabriefsu m ming- up Ofthe re s ults丘
･
or n
diHerent studies･ O b vio usly, allre s e ar ches hav epro motedthe pr ogre s s ofthe w ate r
re sou rc e ma n agem ent w ork and m any ofthos e suggestions have been realized to
diffe re ntdegre e, l mPrOVl ngthe w ater shortage situ ation a ndthe e nvir on me ntqu lte a
lot･ Ho w ever, as a whole the w ater res o u rce shortage proble m is･farBor nits
re as on able s olutio nL T he r e as on for thatis firstlybec au s eofthe complexlty Ofthe
proble mits elf, a nd onthe othe rhand,thefact that the c ou ntry c an n otaGo rdto realize
suchtr e m e ndous englne e ng Pro)e CtSlike div erting W ater&o mthe southtothe north
s o oner. Al loftho s efa ctorsare u nde rstandable
,
but they are n ot the e s se ntial ba rie r.
Pe ople c ando m u chbetterthan whatitis no wlifs u chbarrierdid notexist･ Rec ently,
m anylearner sboth at hom e o rir -bro ad start dis cusslng the utm o stimpo rtanc e of
paying enoughatte ntion to the capabilityandiI血 structural c o nstru ctions of m o st
are a swhe re the w aterproblem s ar es erious. In the a uthor
'
s vie w, right thisis the
es s entialbarrier or w e aknessfortheplain a nd m any otherareasin Chin a. Itistrue that
m any conte nts ofthe capabilityand in&a stru cturalc o nstructionshave alre adybe e nput
fo rw a rd inthe abo ve m e ntioned suggestio n s u nde rdiqerent ter minology. But w e
m u stbe cle arlyaw arethat the c apabilitya nd in&astr ucturalc o n str uctio n s a s a wholeis
a syste m w ork aJld s cie ntiflC Studyitself1 O nlyifrele v a nt s cientists ofdiqere nt
spe cialtie s,includings o cialscientists and e c ono mi恥 w o uldjointlyw o rkout a re ahstic
pr ogr am a nd c ons cio u sly do their best effo rts to pr o m ote the progra m and to
str e ngthen and e nhan c ethe c o n structions
,
the e xisting difficult w aterpr oble m ofthe
plain wo uldn otbe s olv ed(一ei, 1996).
Capabilityc onstru ctio nincludes: convers a:tion betw e en scie ntists a ndde cision maker s
in orderto ex change view s a ndto e nha n c ethe a war e n e sso n ho wto dealwiththe
glV e nPrObler n; public educ ationforthepu rpo s eto enl1a n Cethepublic c ons cio usnes sin
sa vlng W atera ndprote cting environ m e nt; edu c atio n andtrainingfor w ate rproblerrl
r elatedpers o n nelin o rde rto e nhan c etheir w o rkingabilityL
In&a structu re c onstru ctioninclude s:in stitutionalc onstruction
,
what m ention ed above
in sugge stion 10 is so me ofits m a)or c onte nts, whatis m o reis:such in stitutio n ssho uld
be of m a nage me nt char a cter, a ndbe s eparated 丘o m ru nlng r ele vant e nterprises, it
should be glV e n enOughadministrativ epow er to solv e wate rpr oble ms without a ny
interfe re n cefr o many other a uthoritie s, aJlds oforth;1egal c o nstructio n sinthe c o ntext
of w ater related and e n vir orL ment relatedlegislatio n c onstructio n s, w hich hasalr e ady
sta rted n otlong ago, yetTle edstobe m uch m ore stre ngthened;hardw are c o n str u ctions,
which shouldbe regarded a s along a c cu mulativ epr oces saJld be pe rfe cted stepby
step･ depending upon the av ailable s ou r ce s andtechnologyL
Obviou sly,thegrou ndw ater over e xploitatio nproble m a ndas a mo rege ner alproblem -
w ate r re s ou r c em an age me nt proble m ofthe No rth C hin a Plain is a very difBc ult
pr oble m n ot onlydu etoitstechnicaldiFIC ulties, but m ainlydu eto the c omple xlty Of
in volv e m e nt ofso cial, e c o nomical,technical, scie ntific, and e ven politicalc o mpon e nts･
How e v er
･
itisbeliev edthatfinal flnal1ythisproblern wi ll be s olved,ifw e c ouldsta rt
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pa:ying m uchm or e attentio ntothe c apal)ilitya ndin&astructuralc onstru ctio nstogether
with dev elopingallotherpo s sible s cierltiRc a ndteclm icalprogre s s･
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